Neospora caninum is an important cause of abortion in cattle worldwide. Dogs act as final hosts shedding oocysts in the environment. They can also harbour the extraintestinal stage of the parasite and this may be associated with a fairly rare neuromuscular condition. The sera of 781 dogs from the Algiers District were screened by IFAT for the presence of anti-N. caninum antibodies. These dogs were distributed into four populations: local stray dogs, police dogs, dogs from breeding kennels and farm dogs. The overall seroprevalence was 21.90%. Significant differences were observed between the different populations, the highest prevalence being observed in farm (44.44%) and stray dogs (22.55%). Additionally, the highest titres were observed in farm dogs. Among studied epidemiological parameters, breed, dog origin, season and vaccination status were significantly associated with IFAT results. Additionally, a recently described real time PCR was used on the blood of 100 pound dogs and the results were compared with the serological data. A higher proportion of dogs was found to be positive by PCR when compared to the IFAT results. There was only a fairly low agreement between PCR and IFAT results which suggests that these techniques measured different aspects of the host-parasite relationship. This study indicates that the level of exposure of the canine population of Algiers area to N. caninum is very high. This would indicate a potentially high risk for N. caninum induced abortion in cattle in this region and in Algeria.
Introduction
Neospora caninum is an Apicomplexa protozoan responsible for abortion in cattle worldwide [1] . In dogs it can be responsible for a severe disease characterised by various clinical signs, including limb ataxia, ascending paralysis and generalised neurological signs [2] . It can also induce myocardial, pulmonary and dermal lesions [3] .
In cattle, the parasite can persist over several generations in breeding units [4, 5] , which serve as a reservoir for Neospora-infections of canids [6] . Dogs (Canis familiaris) are important in the epidemiology of N. caninum infection, as they act, together with coyotes (Canis latrans), as definitive hosts shedding N. caninum oocysts in the environment [7] .
Several previous seroepidemiologic studies reported a positive relationship between the presence of dogs and N. caninum induced abortion in cattle [6, 8, 9] .
Additionally several serological surveys demonstrated that dogs originating from dairy farms, with or without a history of abortion in cattle, had higher seroprevalences than those living in urban areas [6, 10, 11] .
In healthy dogs, the seroprevalence can be as high as in clinically affected dogs suggesting that infection by N. caninum in the dog is most of the time asymptomatic [12] .
N. caninum has a worldwide distribution and the presence of specific antibodies is frequently reported in healthy dogs and cattle [13] . Several serological techniques including enzyme-linked immunosorbent assays (ELISA) [14] , direct agglutination tests (DAT) [15] and indirect fluorescence antiboby test (IFAT) [16] are available. Different studies performed in different hosts demonstrated that IFAT exhibited very little cross-reactivity with other coccidian and noncoccidian parasites [2, [17] [18] [19] . Consequently, the IFAT is often used as a reference serological test for the detection of N. caninum antibodies [2, 19, 20] . More recently, classical, nested, semi-nested and real time PCR were developed to detect the presence of N. caninum in dogs' organs [21] .
Some studies investigated the seroprevalence in different dog populations in North America [22] , in South America [23] [24] [25] [26] , in Asia [10, 27, 28] , Oceania [29] or Europe [6, [30] [31] [32] .
The present study was the first investigation in North Africa to determine the seroprevalence to N. caninum in several dog populations in the Algiers District of Algeria. Some parameters of epidemiological importance (age, sex, breed, vaccination status, general appearance) were also evaluated. A real time PCR technique was used to detect N. caninum in canine blood as an additional tool to serology. The results obtained with these two techniques were compared.
Materials and methods

Dog populations
Four dog populations from the Algiers District (Wilaya) (Fig. 1 Blood samples were taken from the cephalic vein. The clotted blood was centrifuged at 1000 g for 15 min and the serum was collected and stored at −20°C until further use.
The general clinical status of the dogs was evaluated by visual examination and palpation. The animals were classified in three grades: bad, average and good.
IFAT
Sera were tested for the presence of specific antibodies against N. caninum by the indirect fluorescent antibody test (IFAT) as described by Trees et al. [19] , using cell culture-derived tachyzoites of the NC-1 isolate [16] as antigen. Briefly, NC-1 tachyzoites were used to infect vero cells (ATTC CRL-1587) according to Dubey et al. [16] . When the appropriate level of cell lysis was reached, the entire culture flask content was centrifuged (1500 g 20 min) and the pellet was resuspended in phosphate buffered saline (PBS, pH 7.4) and passed through a 25 gauge-needle in order to lyse the remaining Vero cells. The tachyzoites were harvested by centrifugation (1500 g for 20 min). Then the pellet was resuspended in PBS (pH 7.4) and the concentration of tachyzoites was determined using a haemocytometer. Next, 10 4 tachyzoites per well were used to coat 10-well tefloned slides. The slides were dried and 20 µl of sera diluted (1:50 to 1:1600) in PBS-BSA 1% (Phosphate Buffered Solution pH 7.4 containing 1% Bovine Serum Albumin) was added to the wells for 25 min at 37°C. After washing, a FITCconjugated anti-dog IgG (Sigma Aldrich, Saint Louis, USA) diluted 1:64 was added and incubated as above. After a final wash the slides were mounted and positive tachyzoites were looked for under a Zeiss epifluorescence microscope (Laborlux S, Leitz S.A., Van Hopplynus, Belgium) under a × 400 magnification. On each slide a positive and a negative control was used. Positive control sera were obtained from dogs experimentally infected with N. caninum and negative control sera were collected from seronegative SPF dogs [30] . The selected cut off was 1:50 [33] . Positive samples were further endtitrated using two-fold serial dilutions. A sample was considered as positive when the whole tachyzoite surface was labelled [16] .
ELISA
The serum of 615 dogs from 3 populations (337 stray dogs, 91 police dogs and187 breeder dogs) has been tested using the BioX SRS2 sandxwich ELISA as previously described [34] .
Immunoblot
The immunoblot on dog sera was adapted from the protocol described previously for bovine sera [35] . NC-1 tachyzoites (10 7 /ml) were thawed from liquid nitrogen and centrifuged at 1500 g for 10 min. The pellets were resuspended in 300 µl of 2 × Laemmli sample buffer (Biorad, Nazareth, Belgium) containing 5% beta-mercaptoethanol. The soluble proteins were denaturated for 3 min by heating at 100°C before loading with a molecular weight marker (Kaleidoscope Prestained Standard, Biorad) on a 12% SDS PAGE gel. The electrophoresis was performed for 90 min under 200 V using Tris glycine buffer (Biorad) in a miniprotean 3 cell (Biorad). The proteins were then electro-transferred (Trans-Blot SD, Biorad) on a membrane (Immobilon-P) using CAPS buffer (10 mM CAPS pH 11). The membrane was blocked for 1 h in PBS containing 5 % skimmed milk (PBS-SM). The blocked membrane was cut into 5 mm-wide strips. Each strip was incubated overnight in test serum sample diluted 100× in PBS-SM. The membranes were washed three times for 5 min in PBS 0.1%Tween 20. The washed membrane was incubated with a rabbit anti-dog IgG horseradish peroxydase conjugate (Sigma Aldrich A6792) diluted 1:2000. After washing, the presence of fixed conjugate was revealed using a 0.06% 3,3′-diaminobenzidine (Sigma Aldrich) and 0.02% hydrogen peroxide solutions. The molecular weight of the revealed bands was estimated using the molecular weight marker containing the following proteins: Myosin (200 kDa), Beta-galactosidase (116 kDa), BSA (66 kDa), Carbonic anhydrase (31 kDa), Soybean trypsin inhibitor (21.5 kDa), Lysozyme (14.4 kDa) and Aprotinin (6.5 kDa).
Real time PCR
The DNA was extracted from whole blood using a commercial kit (GFX genomic blood DNA purification kit, Amersham Biosciences). The real time PCR previously described [21] was applied on 5 µl of DNA preparation. This PCR consisted in the amplification of the NC-5 loci with a detection of the amplicon using a specific Taqman™ probe. The cycle number was 50. A negative extraction control was included and consisted of canine blood demonstrated previously as PCR negative [21] . A specificity control consisted in Toxoplasma gondii DNA (x copies/ml) (QCMD, Scotland). A standard curve was constructed using dilutions of pure DNA from NC-1 tachyzoites. This standard curve was used to determine the amount of genomeequivalent per ml of blood. Since this PCR system used an Internal PCR control, a PCR inhibition can be detected. In such a case, the DNA was diluted 10 times and the PCR was performed again.
Statistics
The prevalence data were analysed using the uncorrected chisquare test or Fisher exact test with significance defined as a p-value of ≤ 0.05 using Instat 3 software (Graphpad software, San Diego, USA). The Kappa Cohen values, the specificity and the sensitivity were calculated using the Winepiscope 2.0 software.
Results
Seroprevalence
The seroprevalence data are summarised in Table 1 . The overall prevalence of N. caninum in dogs based on IFAT was 21.72%. Significant differences (p < 0.001) were observed among the different populations. Indeed, the prevalence was the lowest in group 2 (police squad) (6.59 %) and 3 (kennel) dogs (11.57 %) whereas higher values were observed in group 4 (farm) (44.44 %) and 1 (pound) (22.61 %) dogs. This indicated a significant population effect on N. caninum.
In group 1 (pound dogs), serological data were available from 3 consecutive years (from 2004 to 2006). Therefore, the seroprevalences were compared on a yearly basis. The annual seroprevalence was 20.27% (CI95%:11.11-29. 
Endtitration
The titre distribution of positive samples was analysed in relation to the origin of the dogs (Table 2 ). There was a significant difference (p < 0.001) between the populations. High titres (≥1600) were observed mainly in group 4 (farm dogs). In this group, 21 sera out of 64 (32.81%) had such a high titre.
Immunoblot
The presence of specific serum antibodies was confirmed by immunoblot on all positive sera in IFAT (n = 171). All positive sera 
Risk factors
In this epidemiological study, several parameters including breed, age, sex, origin, vaccination status and clinical condition were recorded. These parameters were statistically analysed in combination with the IFAT results ( Table 3) .
Among de 781 dogs the data about age were available for 565 dogs. Four age classes were considered [36] : < 1 year, ≥ 1 to≤ 2 years; > 2 to ≤ 4 years and > 4 years.
When considered globally, the prevalence was not related to the age (p = 0.47). Moreover, no significant difference (p = 0.62) was observed for the distribution of titres. Nevertheless, when the different dog population were considered, a significant difference was observed for breeder dogs (p < 0.05) and for farm dogs (p < 0.01).
The sex of the animals was available for 718 dogs out of 781. Globally, no significant association (p = 0.92) was observed between seroprevalence and sex. At the population level, only stray dogs showed a significant association (p < 0.02) between sex and seroprevalence with a higher prevalence (27.78%) in males than in females (17.34%).
Seven hundred and twenty three dogs were classified into three categories according to their breed: purebred, cross-bred and mongrels. Globally, there was a significant association (p < 0.001) between seroprevalence and breed. The seroprevalence was higher in cross-bred dogs (30.83%) than in mongrels (25.99%) or in pure bred dogs (11.95 %). Interestingly when the different populations were considered separately no more significant association was observed (p > 0.05).
For dogs of known origin, a distinction was made between dogs born in Algeria (n = 343) and imported dogs (n = 35). There was a significant difference (p < 0.01) between the seroprevalence of these two groups. Seroprevalences in Algerian and imported dogs were 24.48% and 2.85% respectively and the difference was statistically significant (p < 0.01). However, it is important to note that all imported dogs were purebred police dogs.
Regarding to the distribution of the seroprevalence values in function of the season, it appeared that the seroprevalence was significantly (p < 0.01) higher in the summer than in another seasons (Table 3) .
Seroprevalence and vaccination status were analysed for 779 dogs. There was a significant difference (p < 0.001) between the seroprevalence in vaccinated (14.6%) versus non-vaccinated (26.91%) dogs. Vaccinated dogs belonged to dog populations (police and breeders) with low seroprevalences and non-vaccinated dogs belonged to populations (pound, farm) with high seroprevalences.
Finally, a general clinical examination was performed on each dog before blood sampling. Dogs were classified in 3 categories: bad, average and good. Data were available for 473 (60.56%) dogs. There was no significant association (p = 0.26) between the seroprevalence and the general clinical status.
ELISA
The detection of antibodies against N. caninum was also performed on 615 (78.75%) sera belonging to group 1 to group 3 populations using a commercial sandwich SRS2 ELISA. Globally, the number of positive was 65 representing a seroprevalence of 10.57% (8.15-13) . In comparison, the seroprevalence in IFAT on these 615 sera was 17.40% (CI95%:14.40-20.39) which was significantly different (p < 0.01). Therefore, the sensitivity, the specificity and the kappa coefficient were calculated for each IFAT dilution (Table 4) . Moreover, the calculated seroprevalences for ELISA and IFAT were also compared ( Table 5 ). It was clear that IFAT was a more sensitive method than ELISA but on the other hand at the dilution 1/200, the seroprevalences by IFAT and ELISA were not significantly different.
Real time PCR
Among the 100 dogs tested by PCR 34 were positive. The Ct value ranged from 34.5 to 46.8, corresponding to a range from 6 10 5 to 200
(limit of detection) equivalent-genomes per millilitre of blood. The real time PCR results were compared to IFAT results. Sixty-two dogs were negative both by PCR and IFAT, 14 blood samples were positive both by PCR and IFAT giving a relative accuracy of 76%. Twenty sera were positive by PCR and negative by IFAT giving a relative specificity of 76% and 4 dogs were negative by PCR and positive by IFAT giving a relative sensitivity of 78%. The agreement between IFAT and PCR was considered as fair (kappa = 0.4) (Fig. 2 ). On the 100 tested blood samples, 18 showed PCR inhibition. After dilution the inhibited samples were retested and found negative. When the PCR cut off was lowered to 45, 13 sera were positive both in PCR and in IFAT; 70 sera were negative both in PCR and IFAT, 12 sera were positive in PCR and negative in IFAT and 5 sera were positive in IFAT and negative in PCR. The sensitivity and specificity was 72.2% and 85.4%, respectively. A decrease in sensitivity and an increase in specificity were observed. The kappa value was 0.5 indicating that the agreement is slightly better.
Therefore, a cut off of 45 could be considered for PCR and the Ct values greater than 45 could be considered as doubtful.
Moreover, when the mean of Ct values for positive sera is plotted in function of the IFAT titre, the correlation coefficient R 2 was 80%
indicating that there is some linear relation between the titre in IFAT and the Ct value. In other words, the higher the titre in IFAT the lower the corresponding Ct value (Fig. 2) .
Discussion
Many seroprevalence studies in dogs and cattle are available for many countries [14, 37] . However, this is the first epidemiological study on neosporosis in Algeria. The study was performed in the Algiers District covering around 230 km 2 . Several dog populations with potentially very different levels of exposure to N. caninum were studied. IFAT was used because it is considered as a gold standard [20] . An IFAT-positive result indicates either a recent or an old infection since specific IgG can persist for years [37] .
Additionally, antibodies to T. gondii, Sarcocystis spp., and Babesia canis do not cross-react with N. caninum tachyzoites in IFAT [2, 12, 18, 19] .
On the 781 tested dogs, 171 were seropositive corresponding to an overall seroprevalence of 21.90%. In comparison with other published studies, it appears that these results revealed a very high level of seroprevalence in dogs in Algeria when compared to results from Brazil (14%) [24] , Australia (9%), Falklands Islands (0.2%), Kenya (0%) [38] , USA and Canada (7%) [22] , and Italy (6.4%) [39] . The seroprevalence in Algerian dogs in the present study is similar to the 29% found in another Italian survey [40] .
Seroprevalences differed markedly between the different groups. The lowest seroprevalences were found in groups 2 and 3 (police squad and kennels) whereas the highest seroprevalences were found in stray and farm dogs. This is in agreement with several studies indicating that seroprevalences are higher in farm dogs or pounds dogs than in urban dogs [9, 10, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . In breeder (urban) dogs the seroprevalence was 12.08% which is close to the data available in similar urban dog populations [31, 41] . In farm dogs the seroprevalence reached 46.24%; a similar high seroprevalence in this type of dogs was also noticed by Lasri et al. [31] in Belgium. This is probably linked with the availability of infective material such as aborted fetuses and placentas [42, 43] . This hypothesis is supported also by the high antibody titres recorded in farm dogs. Dijkstra et al. [44] demonstrated that the introduction of a new dog in a cattle herd increased the risk of a N. caninum induced abortion storm. It is hypothesised that newly introduced dogs can get infected with N. caninum by the consumption of infected material from chronically infected cattle and subsequently transfers the infection to other cattle through oocyst shedding. Most of stray dogs originated from periurban areas and a contact with infected cattle was likely. Moreover, the pound dogs showed similar seroprevalences during three consecutive years indicating that the level of contact with N. caninum was fairly constant. Nevertheless, a seasonal effect has been shown with a higher seroprevalence in the summer maybe due to a better viability and infectivity of the oocysts.
Interestingly the seroprevalence among dogs presented with symptoms compatible with neosporosis (mainly limbs paresis or ulcerous cutaneous lesions) was 43% (6 out of 14) which is similar to the seroprevalence in farm dogs. The endtitres of these dogs were not especially high except for one dog with an endtitre of 1:800 but no further investigation was performed to confirm the presence of neosporosis.
Epidemiological factors such as breed, age, sex, origin, vaccination status and body condition were evaluated. Some interesting observations were made. Globally, there were no seroprevalence differences in relation with age, sex or general clinical aspect. The absence of difference between males and females is in agreement with several studies [10, 19, 38] . However, a higher frequency in females was previously reported [6] . Interestingly, for stray dogs males were significantly more positive. Some studies showed significant variations of seroprevalence in relation with the age of dogs with a decrease of seroprevalence and titres in older dogs [6] . Globally, this was not the case in the present study but for farm dogs were dogs between 1 and 2 years or upper than 4 years were more positive. The lower seroprevalence in imported dogs was probably biased as all of them were pure breed police dogs. The results for the breed were interesting since when the results were considered globally there was an effect with a higher prevalence in crossed breed but at the population level this effect was not present. Finally, the vaccination status was also a significant factor since vaccinated dogs were less frequently seropositive than nonvaccinated dogs. This point can probably be related to better hygienic conditions and care in vaccinated dogs. Nevertheless, by definition vaccination stimulates the immune system which can maybe lead to a better immunological answer to another not related pathogen by adjuvant effect.
The sera positive in IFAT were confirmed by immunoblotting using a crude N. caninum soluble antigen. The immunodominant proteins had a molecular weight of 14-22, 29-33, 40-42, 77-79, 66, 120-138 and 180 kDa. The 29-33 and 40-42 kDa proteins corresponded most probably to the two major surface antigens NcSAg1 and NcSRS2, respectively [45] . The 14-22 kDa band had a molecular weight compatible with Gra7 antigen [46] . The heaviest bands (120-138 and 180 kDa) were maybe due to an incomplete protein denaturation. Seroprevalences observed in ELISA were significantly lower than those observed in IFAT. Nevertheless, for ELISA the sera were diluted 1/100 and for IFAT the dilution started at 1/50. But even at 1/100 the sensitivity was low (59%) underlined the fact that ELISA was less sensitive than IFAT. But when compared to the results of IFAT at 1/200 the results of ELISA were comparable since the observed prevalence were not significantly different and that the sensitivity and the specificity were upper than 70% with a kappa value upper than 0.61 considered as good [47] .
The most remarkable observation was a marked and significant difference between seroprevalence and real time PCR results in 100 dogs enrolled in the study. Several explanations can be proposed. Serology is an indirect way to study exposure of dogs to N. caninum. The IFAT as used in the present and other studies detects the presence of IgG antibodies. In recently infected dogs this technique may give a negative result if IgM are not looked for. Additionally all serological available techniques use N. caninum tachyzoites grown in cell culture as antigenic source and IFAT detects mainly the major surface antigens present on the tachyzoite surface. However, major antigenic differences do exist between the different stages of N. caninum i.e. the tachyzoite, the bradyzoite and the oocyst [48, 49] . These three stages can be observed in the dog. Consequently the detection of IFATpositive reactions against N. caninum tachyzoites in dog sera may be of little significance regarding the presence of bradyzoite-containing tissue cysts or the past or present shedding of oocysts in a given animal. Such reactions indicate only that the respective animal is or was an intermediate host of N. caninum [50] . For example in many studies the majority of dogs with a history of shedding oocysts showed no seroconversion with respect to N. caninum tachyzoite surface antigens examined by IFAT or NAT. This was also confirmed by immunoblot-based techniques both in naturally and experimentally infected dogs [50, 51] . Three out of the 4 sera which were positive in IFAT and negative in PCR showed PCR inhibition.
A real time PCR was used previously to detect N. caninum in bovine blood samples either in aborted or pregnant cows [52, 53] . The relative amount of N. caninum DNA in the blood of aborted cows decreased after abortion whereas increasing amounts were detected during pregnancy. These changes could be related to a reactivation of tissue cysts leading to parasitaemia. However these authors did not compare their results to serology and the reactivation of tissue cysts in the dog has not been documented. Additionally the reproductive status of the dogs enrolled in the present study was unknown.
Moreover, the number of positive cattle was higher by PCR on sera than by IFAT (McInnes et al., 2006 [54] ) which is in agreement with our results.
Similar findings were recorded in another host-parasite relationship in the dog. For example in areas endemic for canine leishmaniosis (Leishmania infantum) in the Mediterranean basin studies using PCR have confirmed that the prevalence of infection in dogs is much higher than the proportion that actually develops symptomatic disease or even specific antibodies [55, 56] . By instance in 73 clinically healthy hunting dogs in Greece, 12.3% tested positive by using serology, whereas 63% tested positive by PCR [57] . These observations suggest that serology and PCR are measuring different aspects of the host-parasite relationship of canine neosporosis. Another explantation for dogs positive by PCR but negative by IFAT is that since vertical transmission is efficient in dog [58] , the naive infected fetus could consider N. caninum as self antigen and would develop an immunotolerance leading to seronegativity but PCR positive at the adult stage.
In conclusion, this study indicates that dogs in the Algiers District are highly exposed to N. caninum and that farm and stray dogs are significantly more exposed than other categories living in an urban environment (police and kennel dogs). This is in agreement with most of the similar studies conducted in other countries. The presence of dogs in farms as a risk factor for cattle abortion must be investigated. Additional investigations in cattle are needed but neosporosis should be included in the differential diagnosis of canine neurological disorders and cattle abortion in the studied area.
